It is of interest here that the distinction between low and high levels of callous-unemotional traits has important implications for parenting both as a causal and a treatment variable. Correlational studies, 7, 8 controlled treatment trials, 9, 10 and large behavioural genetic studies, 11, 12 have produced converging evidence that both callous-unemotional traits and aggressive and antisocial behaviour in the presence of such traits are relatively stable and insensitive to parental influences. 13 That is, traditional models of coercion are less applicable to understanding the pathways these children take into and out of aggressive and antisocial behaviour. This is not surprising as the predominant models of callous-unemotional traits emphasise neuropsychiatric deficits in emotion processing. At present no methods exist for studying the early origins of these deficits in terms of how they are influenced by, and themselves influence, parenting styles.
The aim of this paper is to introduce a theory and novel methodology expressly designed for elucidating parent-child interactions that are sensitive to specific emotion-processing deficits in young children exhibiting aggressive and antisocial behaviour with and without callous-unemotional traits. We present data showing that measuring eye contact during a simple 'love' task may provide a marker of the emergence of callousunemotional traits early in the development of aggressive and antisocial behaviour.
One of the best-replicated deficits that characterise callousunemotional traits is an impairment in the ability to recognise fear stimuli. 14 Although this is usually shown in an inability to recognise fearful faces, it holds too for impairments in recognising fear postures, sounds and startle stimuli. [15] [16] [17] Background A propensity to attend to other people's emotions is a necessary condition for human empathy.
Aims
To test our hypothesis that psychopathic disorder begins as a failure to attend to the eyes of attachment figures, using a 'love' scenario in young children.
Method
Children with oppositional defiant disorder, assessed for callous-unemotional traits, and a control group were observed in a love interaction with mothers. Eye contact and affection were measured for each dyad.
Results
There was no group difference in affection and eye contact expressed by the mothers. Compared with controls, children with oppositional defiant disorder expressed lower levels of affection back towards their mothers; those with high levels of callous-unemotional traits showed significantly lower levels of affection than the children lacking these traits. As predicted, the former group showed low levels of eye contact toward their mothers. Low eye contact was not correlated with maternal coercive parenting or feelings toward the child, but was correlated with psychopathic fearlessness in their fathers.
Conclusions
Impairments in eye contact are characteristic of children with callous-unemotional traits, and these impairments are independent of maternal behaviour.
Declaration of interest None. parallels similar problems shown by patients with amygdala damage, 18 and is largely associated with a failure to direct attention to stimuli that normally elicit fear and distress. Indeed, when children with callous-unemotional traits are asked to attend to the eyes of fearful faces they show normal levels of fear recognition. 19, 20 Similarly, when adults with psychopathic disorder have their attention directed to fear-relevant information, they show normalised fear-potentiated startle responses. 17 These findings have led theorists to suggest that a failure to attend to emotional stimuli may be a core characteristic of 'cold' varieties of aggressive and antisocial behaviour. Specifically, we have argued that a failure to attend to the eyes of attachment figures may be a critical feature of callous-unemotional traits that emerges very early and leads to cascading errors in the development of empathy and conscience. [19] [20] [21] Consistent with this, early damage to the amygdala leads to cascading errors through the neural systems responsible for the development of higher-order systems underlying empathy and theory of mind. 22 Attention to emotional stimuli such as fearful faces has typically been studied using computerised stimuli. An exception to this is a study in which boys with aggressive and antisocial behaviour with and without high levels of callous-unemotional traits were observed interacting with their parents in free play and 'emotion talk' situations. 21 As predicted, high callousunemotional traits were associated with impairments in eye gaze towards parents; similar impairments were seen in the fathers but not the mothers of these boys with high levels of callousunemotional traits. These eye-gaze impairments were correlated with the boys' empathy levels and their ability to recognise fear faces. The interactions coded in this study were time-consuming because large amounts of data had to be sampled to derive rates of eye gaze, and the study did not include a control sample for which levels of eye contact could be compared. What we believe is needed is a parent-child interactional task that concentrates the interaction into a short but emotionally intense encounter for which reciprocated eye gaze is fundamental. Because such a task is conspicuous by its absence in the developmental psychology literature, we decided the best candidate would be a 'love' task in which the parent is asked to move close to the child, look the child in the eyes and say 'I love you'. We considered that this task would be comfortable for parents and, consistent with the study by Dadds et al, 21 would show no difference in maternal eye contact on the basis of the child's level of callous-unemotional traits. In contrast to the earlier study, however, we predicted that the children's reciprocated eye gaze would differentiate those with low v. high levels of callous-unemotional traits.
Method
Participants were 24 children aged 4-8 years, two-thirds of whom were boys. Twelve children were diagnosed with oppositional defiant disorder and 12 children were recruited to serve as a healthy comparison group. The clinic group were self-referred by parents to the project at the Institute of Psychiatry, King's College London, after notices describing the study -and offering subsidised intervention for parents of oppositional and aggressive children -were distributed in south London. The main inclusion criterion was a primary diagnosis of conduct problems: oppositional defiant or conduct disorder according to DSM-IV criteria, assessed using the Diagnostic Interview Schedule for Children, Adolescents and Parents administered to parents by a clinical psychologist. 23, 24 Children were excluded if any full clinical diagnosis other than oppositional defiant or conduct disorder was present; however, subclinical comorbidity was permitted. Other criteria included age 4-8 years; no concurrent psychiatric treatment or medication; no global developmental delay; English as a first language; no significant speech problems or learning difficulties; and no major psychiatric illness or addiction in the mother. The control group was recruited through newspaper advertisements and flyers distributed at schools in the same south London region. The flyers asked for happy, confident children who had never seen a mental health professional (and their parents) to participate. All children in this group were screened to ensure the absence of any mental health problems.
There was no significant difference between the clinical and control groups on any of the demographic variables (Table 1) . All mothers were the child's biological parent. Five mothers were the child's sole caregiver, one child belonged to a step/blended family and the remaining six children were members of their original two-parent family. Biological fathers of half of the clinic sample and three-quarters of the control sample agreed to participate; they did not attend the diagnostic or observational parts of the study, but completed a subsection of the personality inventory described below. Ethnic identity and household income were noted.
Parental report measures
Maternal reports on the Strengths and Difficulties Questionnaire (SDQ) were used to assess antisocial behaviour and to characterise the general level of adjustment in the children; callousunemotional traits were measured using the Antisocial Process Screening Device (APSD). 25, 26 Cronbach alpha values were 0.75 for APSD callous-unemotional traits and 0.69-0.79 for all subscales of the SDQ. Mothers' negative feelings towards their child were measured using a brief version of the Parent Feelings Questionnaire, 27 containing three items from the negative and three from the positive feelings subscales (a = 0.785). Mothers' reported Asperger symptoms in their child were measured using the Childhood Asperger Syndrome Test (CAST), a validated screening measure that is particularly useful for this age group (total score a = 0.89). 28 Mothers' use of corporal punishment was measured using the relevant subscale of the Alabama Parent Questionnaire, 29 and fearlessness was measured in fathers using the appropriate subscale of the well-established Psychopathic Personality Inventory (PPI). 30 Mother-child procedure: the 'I love you' task Mothers and children interacted in a playroom equipped with toys, a table and chairs, and videotaping equipment. The experimenter was unaware of the child's callous-unemotional status and was stationed in an adjacent room that provided both videotape and two-way mirror visual and audio access to the playroom. After approximately 30 min of free play and shared conversation, the mother was asked to show her child that she loves him or her. Verbal instructions for this task were given to mothers in advance over the telephone to ensure that the child was not aware of the task details. Instructions given over the telephone to the mother were as follows:
Experimenter: ''I'm going to come back into the room to do one more game. Once I have gone, I'd like you to look [child's name] in the eyes and show him/her, in the way that feels most natural for you, that you love him/her.'' Following this phone call the mother and child continue with their activity. The experimenter then returns to the testing room and gives final instructions to the mother and child as followsExperimenter (before leaving testing room): ''Great, that's almost it, thanks so much! One last thing before we finish, I'm just going to leave the room one more time to get something. I'll only be a couple of minutes, but while I am gone I'd like you to congratulate each other on how well you've both done today.''
Recordings of the task were coded for mother and child levels of comfort and genuineness during the interaction, verbal and physical expressions of affection, and eye contact, both initiated and rejected, on five-point scales from 1 (not at all) to 5 (very much). Coders were graduate psychology research staff who had participated in the development of the task and coding procedures, and who were unaware of the children's callousunemotional trait scores. Coding began from the moment the experimenter left the testing room and continued until the experimenter re-entered the room 90 s later. Initiation and rejection scores for eye contact, verbal and physical affection scores were highly and negatively correlated, and so were combined by reversing 'rejection' scores and adding them to 'initiation' scores to form overall indices of affection and eye contact for parent and child. All recordings were coded by two coders masked to each other's ratings. Interrater reliabilities between the coders ranged from good to perfect agreement; intraclass correlations ranged from 0.645 to 1.00. Procedural and coding manuals are available from the authors on request.
Statistical analysis
Analysis of variance (ANOVA) within PASW version 18 for Windows was used to test differences between the groups on each of the affection and eye-gaze measures. Because of the small sample size, where assumptions of normal distribution may be violated, and to check that relationships were statistically robust and not confounded by other variables, non-linear regression using bootstrapping to derive an empirical sample of the distribution was run in PASW version 18.
Results
The mean age of the participating children was 5.9 years (s.d. = 0.6). In the clinical group, mothers' ages ranged from 24 to 46 years (mean 37.5, s.d. = 6.9). Mothers identified their ethnicity as White British or Irish (n = 9) or Black/mixed (n = 3). Child ethnicity was identified as White British (n = 9) or Black/mixed (n = 3). The fathers were identified as White British or Irish (n = 10) or Black/mixed (n = 2). Household income ranged from £101-175 to more than £1000 per week; the median household weekly income was £326-450. Table 1 shows demographic and adjustment data for the clinic v. control groups. There was no significant differences for any demographic variables; however, as expected, the clinic sample had poorer adjustment than controls on all scales of the SDQ and callous-unemotional traits from the APSD. We checked whether callous-unemotional trait scores within the clinic group were significantly correlated with other variables that might confound the relationship of these traits to the main dependent measures. Callous-unemotional traits were significantly correlated with family income (r = 0.692, P50.05) such that children with high trait scores had higher relative incomes, in the £601-800 range; income was not related, however, to any of the dependent measures.
Our hypothesis concerned differences in affection and eye gaze within the clinic group, simply requiring us to look at correlations between callous-unemotional traits and affection and eye contact scores within the clinic group. It was important first to establish base rates for the dependent variables by looking at rates in the control group and how they compared with children with conduct problems but low callous-unemotional traits. Figure 1 shows mean levels of the main dependent variables for the control group and clinic group, with callous-unemotional (CU) traits split into the bottom two-thirds and upper third percentiles to form clinic/ low-CU and clinic/high-CU groups. Caution should be used with regard to the means in the high-CU group, as these are based on small numbers. First, it should be noted that there was no significant effect for levels of comfort/genuineness across the groups and these are not considered further. Analysis of variance was used to test differences between the groups on each of the affection and eye-gaze measures. There was no significant difference for any of the measures of parent behaviour (all P40.5). For child behaviour there were significant group differences for physical affection (F (2,24) = 4.54, P50.05), verbal affection (F (2,24) = 5.70, P50.01) and eye contact (F (2, 24) = 3.31, P50.05). For verbal and physical affection, highest levels were seen for children in the control group, followed by the clinic/ low-CU group, with lowest levels in the clinic/high-CU children. As predicted, there was no difference in levels of eye contact between the control and clinic/low-CU groups; children in the clinic/high-CU group showed significantly lower levels than the other two groups, however. Next we tested correlations between callous-unemotional traits, child eye contact and the following parent self-reported characteristics: for the mother, quality of the relationship with the child (Parent Feelings Questionnaire score) and corporal punishment (Alabama Parent Questionnaire), and for the father, the fearlessness subscale of the PPI. Correlations for both the whole sample and the clinical group are shown in Table 2 . Dadds et al previously found that the low levels of eye contact found for high-CU children were not simply a general index of the quality of the parent-child relationship or family environment, but were related to low eye contact in fathers. 21 Mothers' positive feelings towards their child were associated with higher child eye contact and lower callous-unemotional traits in the whole sample, but not within the clinical sample. Mothers' use of corporal punishment was related to levels of callous-unemotional traits in the whole sample, but was unrelated to levels of child eye contact. The only parental characteristic related to both callousunemotional traits and child eye contact in the whole sample and in the clinic group was fearlessness in fathers, where high fearlessness was associated with high callous-unemotional traits in the child and low eye contact.
Finally, we wanted to check that the relationship between callous-unemotional traits and low eye contact was statistically robust and not confounded by other variables. The simple correlation in the clinical sample (r = 70.504, slope 70.728, s.e. = 0.394) was based on a small sample size where assumptions of normal distribution may be violated. Non-linear regression using bootstrapping resulted in a decrease in standard error and the relationship remained significant (slope 70.728, s.e. = 0.363, P50.05). Next, we used partial correlations to check for any confounds to the relationship between callous-unemotional traits and eye contact. Control variables were age, gender, diagnostic severity of oppositional defiant disorder and CAST score. Although none of the children in this study had any significant symptoms of autism-spectrum disorder, we wanted to make sure that the results were not due to the presence of any (subclinical) features of this disorder, since it has long been associated with impediments in eye contact toward others (see, for example, Klin et al). 31 The correlation between callous-unemotional traits and eye contact remained (r = 70.325) despite the presence of the covariates.
Discussion
Children with high levels of callous-unemotional traits have difficulties recognising fear stimuli, associated with impairments in their propensity to attend to critical features of the environment that communicate fear. This is exemplified by the finding that boys with high levels of callous-unemotional traits show impaired eye contact during free interaction and emotion discussions with attachment figures. 21 Our study assessed whether deficits in eye contact would also characterise an intense 'love' interaction. In terms of mothers' behaviour during the tasks, we found no difference between mothers of conduct problem children and controls in terms of their behaviour in the 'love' task. They were equally affectionate both physically and verbally, and made eye contact with their child at equal levels. Similarly, levels of callous-unemotional traits in their child did not predict their behaviour on any of these variables. There is a wealth of studies showing that parents of children with conduct problems are more coercive and less warm than control parents; however, we are aware of no other study assessing the ability to display love in a short burst. In this context, mothers of conduct problem boys appear quite capable of expressing love and affection.
The behaviour of the children was quite different, however. The children with conduct problems displayed lower levels of reciprocated verbal and physical affection, and those with high callous-unemotional traits showed lower levels than children with conduct problems but low callous-unemotional traits. Although caution is needed in generalising from a brief interaction in a clinic, these results are consistent with growing evidence that many aspects of parenting styles with conduct problem children are likely to be driven in part by child characteristics (see Pardini) . 32 Rearing a child who rarely reciprocates affection is likely to discourage parents from initiating affectionate behaviour, even though (as demonstrated in this study) they may be capable of doing so.
Models of psychopathy
Our main hypotheses concerned the level of reciprocated eye contact. We have previously postulated that callous-unemotional traits are associated with deficits in the extent to which children attend to the eye region of attachment figures and that this could drive cascading errors in the development of empathy and conscience. Other models of psychopathy similarly emphasise the importance of stimulus awareness in empathy v. psychopathy. Blair has argued that awareness and emotional response to distress cues in other people are necessary for developing the ability to inhibit selfish and violent behaviour. 33 Newman et al argued that attention to emotional stimuli is necessary for psychopathic individuals to show normal fear responses to aversive stimuli. 17 More generally, there is a burgeoning literature in the neurosciences and developmental psychopathology showing that attention to and responsiveness to emotional stimuli is a fundamental building block of the development of higher-order human functions such as empathy and theory of mind. 34, 35 We suggest that a simple deficit such as impairment in propensity to make eye contact with attachment figures signals the absence of a basic building block underlying social and moral development, and could explain a host of findings in the literature on psychopathy. Shaw et al provided an elegant example of such cascading errors. 22 Amygdala damage early in life results in long-term impairments in higher-order social cognition, but similar damage late in life has no such effect. Impairments in amygdala responsiveness to emotional cues are a marker of psychopathy and callous-unemotional traits in children, 36, 37 and also in adults. 38 Amygdala function is involved in the regulation of attention and responsiveness to emotional (particularly fear) stimuli. It is also centrally involved in the detection and direction of eye gaze. 39 Although it is unlikely to be the only factor in the development of callous-unemotional traits and psychopathy, it is likely that low amygdala function is associated with the origins of psychopathy, that this is mediated by low attention to emotional stimuli especially the eyes of attachment figures, and that this compromises the child's responsiveness to parental discipline, affection and the development of higher-order empathic processing. Consistent with this model, our study showed that high callous-unemotional traits are associated with deficits in eye contact with the child's primary attachment figure. We have previously demonstrated this effect in older children involved in free interactions and emotional discussions. The current study replicates this finding, but also shows that the impairment in eye contact is present in children with conduct problems as young as 4 years, occurs when the parent is deliberately making eye contact and expressing love to the child, and differs from healthy controls as well as from their peers with conduct problems but low callous-unemotional traits. Further, our study shows that this effect can be produced, with clinically significant effect sizes, in a short 90 s interaction that can be coded using global ratings of levels of affection and eye contact. An alternative account of our findings may be that environmental variables such as abuse history might be driving the impairments in eye contact. No standardised measure of abuse history was available in this study, but clinical review of the files showed no known history of child abuse in any of the children; three had been exposed to significant domestic violence but these children were all low in callousunemotional traits. Related environmental variables of mothers' use of corporal punishment and negative feelings towards the child were unrelated to child eye contact in the clinic sample. Consistent with Dadds et al, 21 however, low child eye contact was associated with a related characteristic in fathers, in this case fearlessness. Taken together, the results suggest that low eye contact is a marker of callous-unemotional traits that is relatively independent of relationship quality and adverse parenting, but rather appears to be a trait characteristic of the male side of the family.
Limitations of the study
Some limitations of our study should be noted. First, although the sample was large enough to demonstrate the predicted effects, it is small in terms of generalising to other groups and requires replication. Second, the sample included both boys and girls; our earlier study investigated only boys, and there are many reasons to expect that the genders may differ. For example, in a large Australian sample levels of cognitive and affective empathy were quite different for boys and girls with 'psychopathic' traits. 40 Thus, it is unknown how well these findings will generalise to representative samples of girls with conduct problems. Third, our coding procedure involved estimating eye contact from two cameras that were set up with sufficiently wide zoom to be able to accommodate natural movements in the room by the mothers and children. Thus some degree of inaccuracy is inevitable, but, as noted by Dadds et al, 21 this is likely to underestimate any deficit in eye contact. Eye tracking studies have shown that children with high callous-unemotional traits show a similar propensity to look at faces as children with low callous-unemotional traits do; however, they tend to focus on the mouth rather than the eyes. It is likely that the low-resolution coding we used meant that instances of face/mouth gaze were inadvertently coded as eye gaze, thus overestimating levels of eye gaze for those with high levels of callous-unemotional traits.
